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M
itochondria are passed from cell 
to cell, as shown by Jeffrey Spees, 
Scott Olson, Mandolin Whitney, 
and Darwin Prockop (Tulane University, New 
Orleans, LA).
Prockop’s group stumbled across this re-
markable ability while studying bone marrow 
stem cells (MSCs), which were particularly so-
cial in culture, often touching each other and 
then backing off. Small numbers of MSCs can 
repair some damaged heart cells, whose main 
defect is usually a loss of mitochondrial activity. 
The authors thus wondered whether the contact 
behavior allowed MSCs to transfer mitochon-
dria. “It was a way out-there hypothesis,” says 
Prockop, “that we wouldn’t have mentioned to 
anyone had the experiment not worked out.”
To test their “out-there” idea, the group 
damaged the mitochondrial genome (mtDNA) 
of a transformed epithelial cell line using ethid-
ium bromide and then looked for rescue by 
MSCs. Indeed, rescued clones appeared that 
contained MSC-derived mitochondrial pro-
teins. Fibroblasts were also able to rescue the 
damaged cells. It is unclear whether healthy 
cells take in mitochondria as well.
After ruling out cell fusion as an explana-
tion, the group hoped to show the transfer direct-
ly. But a dearth of ﬂ  uorescent mtDNA tags has 
made the transfer hard to follow. Cultured cells 
did not take in isolated, cell-free mitochondria, 
so donation appears to be an active process.
Perhaps the organelles are passed 
through the recently recognized structures 
called nanotubes. Or they might be sent out 
by exocytosis. The group saw that MSCs 
leave behind mitochondria-ﬁ  lled vesicles that 
end up attached to other cells, but they have 
not seen these vesicle internalized as yet. For 
now, given the therapeutic implications for 
mitochondrial diseases, the group hopes to 
prove that transfer occurs in vivo. 
Reference: Spees, J.L., et al. 2006. Proc. Natl. Acad. 
Sci. USA. doi:10.1073/pnas.0510511103.
<doi>10.1083/jcb.1724rr4</doi><aid>jcb1724rr4</aid><au>Nicole LeBrasseur</au><cor>lebrasn@rockefeller.edu</cor>Spreading mitochondria
<doi>10.1083/jcb.1724rr5</doi><aid>jcb1724rr5</aid><au>Nicole LeBrasseur</au><cor>lebrasn@rockefeller.edu</cor>Monooriented in the middle
C
hromosomes fi  nd an ingenious route to the metaphase plate to 
improve their chances of biorientation, based on new results 
from Tarun Kapoor (Rockefeller University, New York, NY), 
Alexey Khodjakov (Wadsworth Center, Albany, NY), and colleagues.
For their even distribution into daughter cells, chromosomes 
must fi  rst be attached to the opposite spindle poles. For the most 
part, a chromosome is fi  rst monooriented—that is, it is hitched by 
microtubule bundles (K-fi  bers), connecting its kinetochore to a single 
pole. That chromosome is then pulled toward its attached pole, where 
microtubules from the opposite pole are rare. Eventually, however, the 
chromosome leaves this pole and congresses to the metaphase plate.
This congression is generally assumed to be the result of 
biorientation, but the new results indicate that monooriented chromosomes can also make their way to 
the metaphase plate. EM images showed that kinetochores of congressing monooriented chromosomes 
interacted laterally with K-fi  bers of already bioriented chromosomes.
Monooriented chromosomes, says Khodjakov, “can borrow the K-fi  bers of other chromosomes 
and use them as rails to go to the middle of the spindle. At the middle, the chances of acquiring 
microtubules from the other pole are much higher.”
This opportunistic behavior suggests that spindle formation is cooperative—the fi  rst chromosome 
to biorient makes the process easier for its followers. “Late in the process,” says Khodjakov, “there are 
plenty of rails” for the few remaining monooriented chromosomes.
The only known microtubule motor at kinetochores with the appropriate directionality to walk to the 
metaphase plate is CENP-E. Upon depleting mitotic cells of this protein, the authors found that several 
monooriented chromosomes lingered near a pole rather than congressing to the center. The ability to 
pull monooriented chromosomes along neighboring tracks is the fi  rst true motor function suggested 
for CENP-E, which is better known for recruiting spindle checkpoint proteins to the kinetochore. 
Reference: Kapoor, T.M., et al. 2006. Science. 311:388–391.
MSC mitochondria (red) approach 
damaged cells (blue), whose division 
(bottom) indicates aerobic rescue.
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Lateral interactions with K-ﬁ  bers (left) allow monooriented chro-
mosomes to get to the metaphase plate, but they accumulate at 
poles in cells lacking CENP-E (right top).
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